Conformations of disaccharides by empirical force field calculations. Part V: Conformational maps of beta-gentiobiose in an optimized consistent force field.
A recently optimized set of potential energy functions is used to investigate the conformational flexibility of the beta-(1-->6) glycosidic linkage in beta-gentiobiose. Relaxed Ramachandran maps in vacuo are presented in the torsional angles phi and omega, with torsional angle psi allowed to relax freely, as are all other internal degrees of freedom. The study reveals two almost iso-energetic low energy domains in (phi, psi, omega) space, and cross-sections in the low-energy domains at omega = -60 degrees and omega = 60 degrees show that more than 60% and 70% respectively of the area of the conformational maps are accessible within 40 kJ mol-1. The molecular structure in the crystal, including the exoanomeric effect, is well reproduced. The structure belongs to the potential energy well which includes the global potential energy minimum in vacuo. The most profound structural difference between the crystal structure and the calculated global minimum in vacuo is the 20 degrees deviation of the psi torsional angle (24 degrees from perfect trans). It occurs in the most flexible glucosidic degree of freedom, psi, and is caused by optimization of the hydrogen bonding network and not by the exoanomeric effect.